Deoxyribonucleic acid-ribonucleic acid (DNA-RNA) and DNA-DNA hybridization studies were performed to determine the degree of genetic relatedness between Sarcina ureae and several members of the genus Bacillus. DNA-RNA hybridization showed a high degree of homology between S. ureae RNA and DNA from Bacillus species having a similar guanine plus cytosine content. The DNA from other genera of the family Micrococcaceae showed less homology with S. ureae RNA than did that of the Bacillus species tested; however, this homology was not found between the DNA of S. ureae and DNA from these Bacillus species or DNA from the other Micrococcaceae tested. Transformation with Bacillus DNA, infection with representatives from several major classes of Bacillus phages, and electrophoretic analysis of proteins in crude extracts of these strains were also attempted as a further test of the genetic relationship between the genera. These experiments did not support the belief that the two groups are closely related genetically.
RNA and DNA extraction. DNA was extracted from late-log-phase cultures by a modification of the method of Saito and Miura (18) , which employed dialysis against 1 M NaCl, adjusted to pH 7.8 with 0.05 M tris(hydroxymethyl)aminomethane (Tris) buffer, to remove phenol. Samples were equilibrated to SSC by dialysis and were stored at 4 C. DNA concentrations were determined by the modified Burton spectrophotometric method of Giles (8) . RNA was extracted by the same procedure used for DNA extraction, with the exception that ribonuclease treatment was replaced by treatment with 20,Mg of deoxyribonuclease per ml. RNA concentration was determined spectrophotometrically by optical density (OD); 50 ,ug of RNA per ml was considered equivalent to an OD of 1 at 260 nm. The OD was measured on a Bausch & Lomb spectrophotometer 505.
Preparation of labeled RNA and DNA. A 25-ml overnight culture of S. ureae 2549, grown in A3 medium plus urea, was used to inoculate two lowform culture flasks containing 500 ml of yeast nitrogen-base medium to an OD of 0.08 at 500 nm (2 X 107 colony-forming units/ml). The cultures were grown at room temperature on a rotary shaker. One culture was used to follow growth spectrophotometrically. When the cultures reached an OD of 0.22 (early-log-phase cells; 5 X 107/ml), 2 ,uc of tritiated uridine (4 c/mmole; Schwarz Bio Research, Inc.) per ml was added. The cells were harvested when the cultures reached the end of log phase, and RNA was extracted as described.
The cells used for the preparation of labeled DNA were labeled during the log phase in the presence of 20 ,c of tritiated thymidine (18,000 mc/mmole, Nuclear Chicago Corp.) per ml in yeast nitrogen-base medium, in a manner similar to that used for labeling RNA.
Hybridization procedure. DNA-RNA hybridization by immobilization of denatured DNA on a membrane filter was used (9) . DNA was denatured by heating for 15 min at 100 C and then plunged into an ice bath. Denaturation was monitored by increase in OD 260 nm. Denatured DNA (10 Mg), diluted to 5 ml of 6X SSC, was passed by slow suction filtration through 25-mm filters (HA 0.45 nm; Millipore Corp., Bedford, Mass.) which had been presoaked in 6X SSC and washed with 10 ml of the same buffer. The filters were subsequently washed with 100 ml of 6X SSC, dried overnight at room temperature, and then in an 80 C oven for an additional 2 hr. RNA was hybridized with the membrane-fixed DNA by immersing the dried filters into scintillation vials containing labeled RNA in 5 ml of 6X SSC. Hybridizations were carried out for 5 hr at 67 C. After the hybridization period, the vials were chilled in an ice bath, and both sides of the filters were washed with 10 ml of 2 X SSC by filtration to remove unbound RNA. RNA complexed over short regions was eliminated by incubating the filters for 1 hr at room temperature in a mixture of ribonuclease containing 20 ,g of pancreatic ribonuclease per ml and 100 units of ribonuclease-T, per ml. Each side of the filters was again washed with 50 ml of 2X SSC. The filters were dried in an oven at 80 C 2 hr and then counted in a Packard scintillation counter. The scintillation fluid used was Packard dimethyl 1,4-bis-2-(5-phenyloxazolyl)-benzene (POPOP) and 2, 5-diphenloxazole (PPO) (13) , which employs dimethyl sulfoxide in a variation of the technique used for DNA-RNA hybridization. DNA from the organisms tested was bound to membrane filters as described above. The dried filters were wet with 30% dimethylsulfoxide in 2X SSC and then hybridized in 3 ,ug of tritiated S. ureae DNA per ml in 2X SSC containing 30% dimethyl sulfoxide for 15 hr at 60 C with slow shaking. The labeled DNA was sonically treated (three 1-min pulses, setting 5, in a Branson sonic oscillator) prior to being added to the 4-ml reaction mixture. Washings were done with 30% dimethyl sulfoxide in 2X SSC followed by 2X SSC alone. The filters were dried and counted as above.
Gel electrophoresis. Discontinuous vertical gel electrophoresis was performed according to EC Technical Brochure, vol. 2, no. 1, using the model EC 470 vertical gel electrophoresis cell (E-C Apparatus Co., Philadelphia, Pa.). A 7% Cyanogum-41 plug, 5% Cyanogum-41 3-mm running gel, and a 4% Cyanogum-41 stacking gel were used. The 7%0 and 5% gels were prepared in Tris-hydrochloride buffer, pH 8.9. For the stacking gel, a pH 6.7 Tris-hydrochloride buffer was used; all were polymerized with ammonium persulfate. Tris-glycine buffer, pH 8.3, was used as electrode buffer. The gels, solutions, and all buffers were prepared from the specifications in EC Technical Brochure vol 2, no. 1. A potential difference of 200 v was applied to the gel until the samples reached the end of the stacking gel. The voltage was then increased to 400 v and maintained until the front almost traveled 10 cm (approximately 90 min).
The cells used for protein extraction were grown to approximately the middle of their logarithmic phases and to a point 4 hr after the beginning of their stationary phases (T4) in yeast nitrogen base medium at their optimal temperature of growth. The bacteria from 500 ml were then centrifuged and washed in Davis salts, and frozen until use. Each pellet was then thawed, suspended in 5 ml of Tris glycine electrode buffer, and passed through a precooled miniature (4 C) miniature French pressure cell (American Instrument Co., Silver Spring, Md.) at 20,000 lb/in2. The samples were then briefly sonically treated to reduce viscosity and centrifuged in the cold at 5,860 X g for 15 min to remove debris. The supernatant fractions were then made to 20% in sucrose. Samples (50 , uiters) were placed in the sample slots. The relative mobilities of the specific proteins were determined from photographic records of each gel by the ratio of the migration distance of the bands in the sample to the total migration distance of the front.
Staining. The entire gel slabs were stained for either total protein or for esterases or dehydrogenases of succinate, glutamate, malate, lactate, and glucose, using procedures outlined in the EC technical brochures.
Transformation and transfection. Transformation and transfection were done according to the method of Bott and Wilson (3, 23) . Figure 1 shows the typical saturation curve obtained when increasing amounts of labeled RNA were added to 10 jug of homologous DNA. The labeled RNA, with a specific activity of 339 counts per min per ,ug of RNA, began to saturate at a concentration of 3.6 Ag/ml, indicating that above this point excess RNA could find very few additional homologous binding sites. Concentrations of 6.4 or 12.8 ,g of RNA per ml were used in the hybridization mixture. The use of ribonuclease-T, in addition to pancreatic ribonuclease decreased the total counts by 8%. The amount of hybrids formed between homologous S. ureae 2549 DNA and RNA, as determined by the specific activity of the labeled RNA (using treatment with both pancreatic ribonuclease and ribonuclease-T1), was designated as 100%, homology.
RESULTS
Several strains of S. ureae have been isolated by different investigators. It was of interest to determine the degree of homology between some of these strains and S. ureae 2549. As summarized in Table 2 , the various strains were demonstrated to have slightly different degrees of genetic homology with S. ureae 2549. The mean percentage of homology was 87%O with 6.4 ,g of RNA per ml and 89% with 3.2 MAg of RNA per ml. The range was 80 to 90%. All values are averages of two or more determinations, unless otherwise stated.
Also included in Table 2 Competition experiments between the unfractionated RNA of B. megaterium and that of S. ureae 2549 were done to determine whether the two heterologous RNA types would compete for identical sites on the DNA of both organisms. Equal amounts of B. megaterium RNA and S. ureae 2549 were hybridized simutaneously or in a two-step method with membrane-bound DNA of S. ureae or B. megaterium. When S. ureae 2549 and B. megaterium RNA competed for sites on S. ureae DNA, the amount of labeled RNA bound to S. ureae in the homologous reaction was reduced by 30% when using the one-step procedure and by 56.5% when the two-step procedure was used. When the heterologous RNA types were bound to B. megaterium DNA, the amount of labeled S. ureae RNA bound was reduced by 59% when the one-step procedure was used and by 61 % when the two-step procedure was used. per ml. The data in Table 3 indicate that there is little or no homology between the DNA of S. ureae and that from organisms of the other genera and species. Significant homology was obtained only with the various strains of S. ureae.
The electrophoresis studies demonstrated a great deal of variability in the protein mobilities of the organisms studied; however, some similarities were noted. The extract from each organism showed a glutamic acid dehydrogenase activity having the same relative mobility. Esterase activity showed very little variability with a common mobility noted for all the organisms, except for logarithmic-phase S. lutea and M. lysodeikticus, in which no activity was detected. Stationary M. lysodeikticus showed distinct esterase activity, but the site for stationary S. lutea was very faint. The Bacillus species possessed two bands of esterase activity, the common esterase and an additional slower-migrating band. The additional band was not identical for all the Bacillus species. Glucose dehydrogenase activity was more variable. Three bands of activity were observed in stationary S. ureae strains 2549 and 181; however, only one site was observed in log-phase cells. Extracts of the other S. ureae strains had two bands of activity in stationary phase, but again only one mobility was detected in logarithmic cells. No striking similarities were detected between the lactate and malate dehydrogenase activities. In each case, a variety of mobilities were observed for the respective proteins, although some organisms possessed proteins with the same mobility. Succinate dehydrogenase showed less variability in logarithmic cells than in stationary-phase extracts. Only one band was observed in each logarithmic phase extract except B. subtilis. No succinate dehydrogenase activity was detected in logarithmic-or stationary-phase S. lutea, perhaps because the enzyme is present only in small amounts. The greatest similarity between strains was observed between S. ureae strains 191 and L.E. 1.4. The total protein patterns of these extracts were very similar, in addition to comparable specific enzyme mobilities. Microdensitometer traces of gels stained for total protein showed more than 30 bands in each extract; several of these appeared to be common to more than one extract. The by-and-large random variations observed in the electrophoretic analyses could not be used to support the relatedness of the organisms under study.
Transformation with B. subtilis DNA, bearing the streptomycin resistance marker, transfection with Bacillus phage 429 DNA, and infection with Bacillus phages were also attempted as a further test of the genetic relatedness between these species. All experiments gave negative results. The phages tried were SP5, SP8, SP10, SP13, SP15, PBS1, PBS2, 415, and 4)29. None of these Bacillus phages were capable of carrying out the lytic process in the S. ureae strains tested (6473, 229, L.E. 1.4, 181, 2549), although several of these phages are known to lyse more than one species of the genus Bacillus. S. ureae 2549 was not transformed to streptomycin resistance by DNA isolated from streptomycin-resistant B. subtilis 168, despite the fact that a significant amount of 3H-thymine-labeled B. subtilis DNA appeared to be fixed by the cells at a time when they would have been competent by the Bott and Wilson technique (3, 23) . The possibility of an S. ureae transformation system is now under investigation. We had no success in repeated attempts to obtain auxotrophs or antibiotic-resistant mutants of S. ureae or to transform several B. subtilis auxotrophs to independence for methionine, leucine, isoleucine, or tryptophan by using S. ureae DNA. DISCUSSION Classification at the phenotypic level has in many instances been confirmed at the genetic level by nucleic acid homology (15), which allows greater resolution in detecting genetic differences. Hybridization experiments also offer the advantage of being a quantitative measure of genetic homology. In this study, the DNA-RNA and DNA-DNA hybridization techniques were used to demonstrate the degree of relatedness between S. ureae and other organisms. Auletta and Kennedy (1) The fact that an insufficient number of Sarcina species had been analyzed for GC content was demonstrated by the report of Venner (22) that S. ventriculi and S. maxima, which are microaerophilic to anaerobic microorganisms, have GC contents of 41.8 and 39.8 %, respectively. This report sheds doubt on the validity of using the similarity of GC content between S. ureae and Bacillus species as an argumant for reclassifying S. ureae in the family Bacillaceae.
The other tests of genetic relationships employed-transformation, transfection, phage susceptibility, and protein mobilities-indicate that no highly specific relationships exist between S.
ureae and the Bacillus species tested. Logarithmicand stationary-phase extracts were examined electrophoretically with the thought that Bacillus species and S. ureae might show a similar pattern of appearance of some enzymes as a result of sporulation. The specific enzymes tested were among those thought to change significantly during the switch to spore-specific metabolism. However, no obvious qualitative relationships were observed.
From the combined results of the DNA-DNA and the DNA-RNA hybridization studies, we conclude that there may be a genetic relationship between S. ureae and Bacillus species, but, if so,
